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STANLEY

A.

CHANGNON

INTRODUCTION

VIEWS OF CUMATE

The global climate change issue, which surfaced in
the last 15 years, has greatly increased public
awareness of "climate" as a subject, but understanding
of the concept that climate is one of the world's
essential natural resources is just beginning to develop.
In concert, studies of the use of information about the
climate to improve decisions, to alter human behavior,
and to conduct the operations of weather-sensitive
activities show that the information is often ignored or
improperly applied. These failures to use information
are often due to inadequate understanding of climate
conditions and how they affect society and the design
and operations of our technological infrastructure. The
net of these factors is a sizable public and private
sector misunderstanding of climate and its importance
- it is conceptually viewed as important, but in reality,
few understand its importance or how to effectively
use climatic information. Misconceptions have shifted
over time because many technological advances, like
large farm tractors and air conditioning, have helped
negate detrimental impacts of weather conditions.
These have helped to fuel a sense that weather
extremes and climatic aberrations are of less
consequence than they once were.
In this paper, the interrelated issues of
understanding climate and its importance are
addressed through consideration of three factors.
Considered first are the general views of climate, as
seen by three principal groups who deal with climatic
conditions; the public, the weather-sensitive sectors,
and the scientific community. The second
consideration is how the atmospheric sciences
community and climatologists specifically, have helped
society function. Finally, activities and knowledge of
climate which are changing over time, are assessed. I
want to stress these are views ·developed over 43 years
as an atmospheric scientist. I have had the privilege of
conducting a wide variety of applied and basic
research, of directing a large and challenging group of
research scientists for two decades, and operating a
climatic advisory business serving government
agencies and private companies for more than a
decade.

Part of the answer to the question of climate's
importance relates to who is answering the question.
There are three very important groups and each has
different images of climate. They are the general
public, the weather-sensitive public and private
sectors, and the scientific community.
The public generally knows little about climate.
Most of us are not severely effected by climatic
conditions. Only infrequent major extremes directly
affect us. Most persons view climate as a "normal
natural condition." They instinctively understand that
some places are colder or wetter than others, but
generally the general public does not understand how
the climate works nor do they feel threatened by
climatic conditions. Few appreciate that climate is a
resource like land and water. Further, much of the
public is insulated from weather extremes, much more
than society was 30, 50, or 100 years ago. Most live
and work in climate-controlled homes, offices, and
vehicles. A general perception is that society has
become better prepared to deal with the climate we
live in - and they are largely correct!
The weather-sensitive sectors, be they farmers,
power companies, or floodplain residents are a
distinct minority in our society. They tend to
understand how climatic conditions vary in time and
space, and many use climatic data and information to
function. Their survival and economic success is often
measured in how well they use climatic information.
Interestingly, assessments of agri-businesses and
utilities reveal they do not use climatic information as
effectively as they could for design and operational
considerations.
The atmospheric sciences community has two
classes dealing with climatology: 1) the basic research
climatologists, and 2) the applied climatologists, some
who do applied research and some who provide
operational services. The views of these two groups
about what is important about climatology, and of
each other, are quite different. The amount of financial
support for each group has become quite different in
recent years. The threat of climatic change has greatly
enhanced support for fundamental research related to
dynamics of climate, whereas the support for applied

1

Contribution from the Midwestern Climate Center, Champaign, Illinois.

32

Journal of the Minnesota Academy of Science

Research Articles
climatological research has dwindled. I have great
concern about the education and attention to this
"practical side of climatology." I have urged the
American Meteorological Society to conduct an
assessment of the field including funding levels,
education and training in applied climatology, and
facilities available to do applied research.
USES OF WEATHER AND CLIMATE INFORMATION

There are three fundamental ways atmospheric
scientists can help society
1. Describe and explain past or on-going
events/conditions - this has been the long-term
function of climatologists.
2. Predict future conditions - largely the bailiwick of
meteorologists, although climatologists are
moving in with improved long-range seasonal
outlooks.
3. Modify the atmosphere - largely the bailiwick of
cloud physicists, although climatologists have
played a significant role in assessing how human
activities like urban areas alter climate.
About 100 years ago, agricultural experts,
hydrologists, engineers, and climatologists began
working together to define and quantify climatic
conditions. They took the available data, coupled it
with statistical techniques, and made decisions relating
to the design of the nation's infrastructure-our
buildings, canals, bridges, dams, railroads and
highway systems, farming practices, and business
operations. Today, everywhere we look we find
structures designed and thousands of activities
operated based on climatic data and information.
The biggest success story in the 100-year history of
the atmospheric sciences is in "descriptive-analytical
climatology" and its service to the building of our
world as we know it today.
Services to society in the prediction of weather or
in modifying the weather pale in comparison to what
climatologists have done, and continue to do, to
provide society with the data needed to function. It is
ironic - climatologists have been so successful in their
applied functions for so many years that I perceive that
relatively few in our field, or in the public, understand
the immense contributions applied climatologists have
brought to society.
Climatologists are also now making major
improvements in the prediction of future "climate."
That is, those conditions expected to occur a month, a
season, or longer in the future. These predictions are
a mixture of "climatic statistics" and rapidly growing
"scientific understanding" of the physical system. The
growth of understanding of atmospheric-oceanic
coupling has led, for example, to the discovery of how
the presence of cold or warm currents in the equatorial
zones of the Pacific, the El Nifio and the Southern
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Oscillation, affect future weather conditions over large
areas of North America. Successful long-term
prediction is tied to gaining a better understanding of
the ocean-atmospheric interactions. Climatologists and
meteorologists will develop seasonal and annual
predictions of ever greater accuracies in the near
future due to improved coupled ocean-atmosphere
models now under development
Few realize the enormous contributions that
climatologists have brought in the arena of weather
and climate modification, both to understand and to
measure the changes that humans have caused over
the past century. For 40 years there have been serious
scientific efforts to learn how to modify the weather to make rain or snow or to ameliorate hail - the
purview of the cloud physicists. But much of what has
been defined about changes in weather has been done
by climatologists and geographers. They have
documented the area-wide modification in weather
and climate caused by human activity; the latter are
often labeled as inadvertent weather change.
Climatologists have shown with certainty how land use
changes, like the shift from prairies to crops, the
construction of cities, and the development of large
industrial complexes have changed every facet of
climatic conditions at local and regional scales. This
work of climatologists began 80 years ago, and has
defined much more about how climate can be
changed than the research in purposeful weather
modification. This is a real accomplishment.
IMPORTANT CHANGES OVER TIME

Certain climate-related activities and the
understanding of climate have changed dramatically in
recent decades. They have been influenced greatly by
the delivery of information about climate and by new
knowledge about climate.
A real change and improvement in recent years is
in climatic services. A network of State Climatologists
in Minnesota and the other 49 states, six newly
developed Regional Climate Centers, and the Climate
Analysis Center in Washington form a new network of
information services. This system is revolutionizing
how users can get climatic data and sophisticated
information. These groups have implemented large
computerized data bases, networked themselves with
high speed communication systems, and developed
simple and complex information products which are
available easily, inexpensively, and in timely fashion.
A recent example of the highly useful climate
information they generate relates to the derivation of
hydroclimatic predictions using a complex soil
moisture model developed for the Midwest. This
model has been used since the end of the massive
flood of 1993 to continually estimate the future flood
potential for the Upper Mississippi River Basin. The
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results calculated as early as August 1993 revealed first
that the soil moisture values were the highest ever
measured for that time. The moisture values were in
tum coupled in the model with fall, winter, and spring
precipitation and temperature conditions which had
occurred over the past 45 years. Together the values
were used to calculate the probability distribution for
soil moisture and hence runoff for each future month
over the ensuing nine months of 1993 and 1994. For
example, calculations showed that by March 1994
there was a 90 percent chance of much above average
soil moisture values in major portions of Minnesota,
Iowa, Missouri, and Illinois. It further showed that the
amount of excess water existing on May 1, 1994,
would likely be 3 inches or more, a value strongly
related to flood-producing conditions. Hence, before
the flood of 1993 had subsided, we knew that the
future flooding was highly likely. This information
enabled leaders in states like Illinois and Missouri to
make cost-saving decisions about retaining sand bags
(versus destroying them) and about the types of road
and highway repairs to select (temporary versus
permanent). The value of these decisions are now
estimated at $30 million in these two states. The point
is, climatic services have greatly improved with better
products for making more informed environmental
and economic decisions.
Another change with time has been the growing
recognition - first by climatologists, then by the
weather-sensitive sector, and finally by the public that climate was non-stationary, and in fact, was
shifting. This was allied to the more recent realization
that the future climate might be substantially changed
by human activities.
As late as the 1940s, the concepts of shifting
climate, at least on the near-term, were not well
understood. There was understanding that there had
been major climatic changes thousands of years ago,
but the general concept was that the climate of recent
centuries was stationary. As a result, the nation
designed and built its weather-sensitive structures and
facilities Oike darns, bridges, and buildings) using
existing climatic data with a premise that climate was
stationary and never changing. The attention of
climatologists decades ago was closely focused on the
spatial aspects and not on temporal aspects of climate.
This has changed over the past 30 years. There is
now much greater understanding, and interest, in
short-term fluctuations on decadal scales, and the
longer fluctuations on the scales of centuries. Part of
this is due to the fact that we now possess better and
longer-term data to examine and understand these
fluctuations. In a word, good understanding of
temp~ral variability has developed in the atmospheric
sciences.
The weather-sensitive users of climate have also
now begun to better appreciate that climate is not
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stationary. For example, design hydrologists in Illinois
now understand that the increase in flooding in the
Chicago area over the past 40 years is not due solely
to the ever increasing urbanization (hard surfaces). It
is also due to a shift to a wetter regime with more
heavy rains. If you used the rainfall data from the last
40 years to design water structures in the Midwest, you
would have very different design values than if you
used the data from the first 40 years of this century.
In a recent study of the Minnesota climate, Baker
and his colleagues showed how the climate had
shifted from a benign condition during the decades of
the 1960s and 1970s, into a "noisy one" in the 1980s.
This introduces another issue related to climate and
time changes.
Consideration of the effects of temporal changes in
climatic conditions is difficult. Impacts of climate on
society are always interwoven with other economic,
legal, and social factors. All these factors must be
adequately considered in meaningful investigations of
climate and its effects. For example, how society may
be impacted by a major greenhouse-induced warming
of the climate by the year 2040 cannot be studied in a
vacuum. Society and technologies will also have
changed by 2040, and serious studies of future
conditions must incorporate consideration of shifts in
population and technology if they are to be credible
in estimating climate effects. Unfortunately, too many
have tried to analyze the impacts of future climatic
conditions, and to assign values to climate's
importance, by only analyzing the climate side of the
equation, while ignoring the other changing forces.
Another element in the temporal aspects of climate
relates to the public. The public until recently has
known little about climate and certainly had no
impression of its constantly shifting nature. Media
coverage of the 1988 drought helped bring the
possibility of "global warming" to the public's
attention but misconceptions abound. For example, a
reporter's series of public interviews in Illinois last
year found that 90 percent of those sampled felt that
the recent cold weather conditions were due to
"climate change. "
The temporal aspects of climate and its awareness
also incorporate a key current issue, the potential for
climatic change due to enhanced greenhouse gases
released to the atmosphere. There are many
contradictory views about this subject. I have tried to
select those points which I believe to be highly
relevant to a broad understanding of climate and the
issue of change.
1.
First, it is important to realize that scientific, and
hence public beliefs in the potential for a global
change in climate is rooted in what climatologists
have already established. This concerns the clear
evidence that cities, land use changes, and jet
contrails change the climate. These reveal
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2.

3.

4.

5.

irrefutably that humans influence climate. These
findings give both scientific and public credence
to the belief that humans could create global-scale
changes.
Second, in relation to the potential for
greenhouse-induced climate change, there is clear
evidence that CO2 (the prime greenhouse gas) is
increasing, that past warm periods have been
periods of high CO 2; and that results of climate
models agree in that more trace gases in the
atmosphere will mean global warming, if all other
aspects of the climate remain constant.
Third, more than 80%1 of all atmospheric scientists
now believe that global warming will occurhowever few agree on the dimensions of future
climatic change. The debate continues with a
vocal minority doubting the warming scenario.
Predictions, or model-based estimates of future
climatic conditions for a given area such as
Minnesota or the Midwest, vary widely, as do
estimates of how the change will occur over time.
Fourth, decision-makers in industry and
government find the scientific uncertainties
unsettling and confusing. Let me illustrate this
point. The Illinois Task Force on Global Climate
Change, a diverse group of 20 persons
representing a wide variety of interests in the
state, has, after a year of meetings and sifting
through many publications, concluded that the
scientific evidence is too shaky to support making
major changes (in emissions of trace gases) that
will severely impact the economy. Their basic
position is, "let's do better at energy conservation,
and enhance climatic impact and adaptive
research, and wait until the science, and a proof
of a change to warming is more certain." I predict
this is the policy which will prevail nationally over
the next several years.
There needs to be close attention to what-iftype
studies of impacts of climate and a climatic
change, and of investigations of how society can
adapt to shifting climatic conditions. We know
that the future climate, with or without a
greenhouse effect, will be different than today's.
Thus, it makes good sense to design for change,
and to seek greater flexibility in our weathersensitive systems.
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6.

It is critically important to realize that our society
is becoming ever more sensitive to climate.

Technology has helped insulate us against some
of the vagaries of climate, but society has also
become more vulnerable to climatic fluctuations.
For example, the Midwest has experienced four
years of major crop yield reductions in the past 13
years due to weather extremes. I cite three
reasons for this increasing sensitivity.
• Our aging infrastructure, with for example,
urban water systems in Chicago and New
York which leak 10 to 20% of all water
pumped into them.
• Our ever growing population with its
growing demands for water, energy, food,
and other resources.
• Our ever growing pollution which
effectively reduces our air, land, and water
resources.
I believe this nation can adapt to most future
changes in climate, but that it will be very expensive
and painful. How we plan now can ease the pain and
the costs.
CONCLUSIONS

In summary, I want to make five points about what
we understand and should do about the climate.
First there is greater awareness in all sectors about
what climate is and its importance.
Second, the functions of climatologists have grown
rapidly and significantly embrace description,
prediction, and modification of climate. There have
been major advances in the field.
Third, applied climatology is not getting the
attention nor understanding it needs and deserves if
we are to bring climatic information to anywhere near
its optimal use by society.
Fourth, the climate of the future will be different
than today's regime, with or without the greenhouse
effect, and for many reasons, our vulnerable society
and its complex climatically sensitive systems need to
prepare for change.
Fifth, climatologists have done much to help
today's society develop and function, but there is
much yet to be done to improve a) the delivery of
climatic data and information, and b) to help potential
users understand how to use our products. The
contributions of climatologists will be ever more
important to society and its quest for sustainable
development.
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